Introduction
Polymerase chain reaction-single stranded conformational polymorphism (PCR-SSCP) is a simple method for the detection of mutations. The target nucleotide sequence is first amplified by PCR and then separated in single stranded form by electrophoresis in a nondenaturing polyacrylamide gel.'
The electrophoretic mobility of a DNA molecule in a gel is sensitive to both its size and shape. Under non-denaturing conditions, single stranded DNA has a folded structure that is determined by intramolecular interactions and, therefore, by its sequence. In SSCP analysis a DNA fragment with a mutated sequence shows a change of mobility in polyacrylamide gel electrophoresis when compared with a DNA fragment with the wild type sequence. This occurs as a result of changes in the folded structure (fig 1) .
In practice, a few microlitres only of PCR product are mixed with formamide dye and loading buffer, heated to denature double stranded DNA, and loaded on to a vertical polyacrylamide sequencing gel. This is run at a constant 10-20 W for about five hours at usually less than room temperature. The detection of electrophoresed fragments may be performed using various methods; autoradiography requiring prior use of radioactively labelled primers or dNTPs in the PCR,' silver staining,3 detection with biotinylated primers and streptavidin-alkaline phosphatase conjugate,4 or ethidium bromide staining.'
As mutation detection depends on the conformational changes of the single strand induced by the mutation, it's efficiency is sensitive to the physical environment in the gel. For example, the level of cross linking within the gel, the temperature, and the concentration of ions, and solvents. A temperature rise is particularly hazardous for reproducibility, and is avoided by use of a thin gel, air cooling, and use of water jackets on one or both sides of the gel. Separation of single strands is better in polyacrylamide gels with low cross linking, as expressed by %C, the ratio of concentration of N,N'-methylenebisacrylamide to the concentration of total acrylamide monomer.6 The lower this ratio, the softer is the gel, the bigger the pore size, and the greater the sensitivity to conformation. This is probably explained by the increased freedom ofpolyacrylamide fibres. Gels at 1-2%C and 5-6% total acrylamide monomer are commonly used. The presence of low concentrations of glycerol in a gel may improve separation of mutated sequences. The reason for this is unknown, but glycerol is a weak denaturing agent and this effect may be due to the opening up of the single strands. Glycerol is viscous and reduces mobility, especially at 4°C. However, rarely mutated sequences show mobility shift only in gels without glycerol. In summary, most mutations will be detected in a fragment of less than 200 base pairs by electrophoresis at both room temperature and 40C, using a gel of 1 %C containing 5% total acrylamide monomer, with 5% glycerol.' Because of its high resolving power, polyacrylamide gel electrophoresis can distinguish most conformational changes caused by subtle sequence differences. Assuming the method is optimised, sensitivity may be as high as 100% for a fragment < 200 base pairs, but may be as low as 50% for a fragment . 400 base pairs. It may also be possible to predict alterations in single strand DNA conformation caused by nucleotide sequencing, using computer software. 7 To detect mutations in long segments of DNA, for example 1 kilobase, restriction endonuclease fingerprinting has been used.8 This involves PCR amplification of the region of interest, specific cutting with restriction endonuclease, followed by SSCP analysis. This gives not only a restriction map, but also an assessment of the presence of mutations within the resulting fragments. To optimise the method, endonucleases were chosen to give fragments with an average size of 150 base pairs, and 100% of mutations were detected using this method compared with nucleotide sequencing. Applications of PCR-SSCP to microbiology PCR-SSCP analysis has been used in studies of various different micro-organisms ( Hepatitis C virus25 35 lysates using primers complementary to conserved sequences. PCR products were then analysed using SSCP and detected using silver staining. Over 100 strains, spanning 15 genera and 40 species, were examined with two primer sets, P1 lP-P13P and ER1O-ERI 1. 25 Although blood transfusion is the main route of HCV transmission, nosocomial transmission within an Italian dialysis unit was demonstrated using RT-PCR-SSCP analysis of the 5' untranslated region of the HCV genome in 28 isolates from haemodialysis patients compared with 25 epidemiologically unrelated isolates from patients with liver disease26; six SSCP patterns were demonstrated among isolates from dialysis patients compared with 16 possible SSCP patterns among the control patients with liver disease. Subsequent sequence analysis showed that the most common HCV type among the dialysis patients was type 4, which is rare in Italy.
Mumps virus
The phospho-protein gene of four different mumps vaccine strains (Urabe, Torii, Hoshino, Miyahara), 12 wild type mumps strains and a laboratory strain (Enders) were shown to be distinct by PCR-SSCP. Viruses isolated from patients who developed aseptic meningitis four to six weeks after measles-mumps-rubella (MMR) vaccination showed identical SSCP and sequence patterns with the particular vaccine strain used for immunisation.27
Human T cell lymphotropic virus (HTLV) type 2 PCR-SSCP was used to analyse a highly variable region in the long terminal repeat of 52 HTLV-2 strains. Identical SSCP patterns were obtained from each of 16 couples, suggesting the presence of similar viral genotypes and therefore supporting the likelihood of sexual transmission of HTLV-2 in each of these pairs. SSCP was much more discriminatory than restriction fragment length polymorphism (RFLP) analysis, the currently used method for 28 HTLV-2 typing.
HIV type 1 To characterise HIV-1, SSCP analysis was applied to two hypervariable regions of HIV-1 nucleic acids in plasma and peripheral blood mononuclear cells (PBMC) from Conclusion PCR-SSCP analysis is simple compared with other PCR based techniques for mutation detection. In PCR-SSCP mutations are detected by the presence of shifted bands rather than by the absence of signal, as in dot blot hybridisation. A few hundred bases may be screened at once, which contrasts to some other techniques in which relatively short sequences are detected-for example, restriction enzyme and oligonucleotide probe analyses. The technique has obvious advantages for screening of large numbers of fragments for nucleotide differences compared with a known sequence, and may thus reduce the requirement for costly and laborious nucleotide sequencing. PCR-SSCP is a relatively new technique, but has already made a substantial contribution to microbiology. 
